Objective. The goal of this study was to elucidate the attitudes, beliefs, and barriers interfering with cancer pain management, the degree of barrier interference with trainees' care of patients, and the relationships among prohibitive factors to pain management for physicians in a low-middleincome countries (LMICs) vs high-income countries (HICs).
Introduction
Pain is one of the most bothersome and prevalent symptoms of cancer worldwide [1] , with an estimated 60% to 90% of patients with advanced disease experiencing significant cancer-related pain [2] . Yet studies show that as many as 50% to 80% of patients do not receive adequate pain control globally, and an estimated 25% of all cancer patients die without adequate pain relief [2] [3] [4] . This discordance reflects a global burden of unmet health needs in this population [5] . Compounding this problem are reports of disparate variations in cancer pain management practices in the United States and other areas of the world, with wide disparities in addressing pain in high-income countries (HICs) compared with low-middle-income countries (LMICs) [6] [7] [8] . Based on data from the 2013 International Human Development Indicators, which capture economic status and the percentage contribution of health to overall poverty, countries are assigned as HIC vs LMIC if the human development index is greater than or equal to 0.8 or less than 0.7, respectively. The development index has proved useful in studies of global health outcomes [5] [6] [7] [8] . Some prior studies in North America, Europe, and Asia have implied that differences in cancer pain management strategies may arise from variations in cultural norms and practices governing opioid use and the reluctance of physicians/institutions to use opioids for cancer pain in some settings [9] [10] [11] . The consequences of inadequate pain treatment are further exacerbated in lowresource settings by socioeconomic challenges, including lack of appropriate infrastructure, which may result in high morbidity and mortality rates [11] [12] .
To date, however, the literature has not adequately examined global differences in provider training, attitudes, and barriers to cancer pain management and the impact on the care of cancer patients. The degree to which health milieu barriers are prohibitive to physicians' daily practice and the relationships among these factors remain unknown. Addressing these issues remains a top national and global priority [13] [14] . The objective of this study, therefore, was to delineate and analyze differences in barriers to effective management of cancerrelated pain, as deciphering how barriers in specific environments interfere with providers' ability to manage patients with cancer-related pain could help inform policy and the design of targeted locally relevant solutions [15] . As cancer survivors grow in number [16] , management of cancer-related pain will be a major component of delivering high-quality and comprehensive cancer care [17] [18] [19] . Comparative studies of barriers to cancer pain and the relative effectiveness of pain management strategies in different regions of the world will remain central to this effort and may spur collaboration [20] .
Methods
Following Institutional Review Board exemption (as the study did not qualify as human subject research), this study was conducted as a multi-institutional survey of physicians in residency and fellowship training at four major academic medical centers: Johns Hopkins University and University of Michigan (United States), University of Ghana Medical School (Korle-Bu Teaching Hospital), and Kwame Nkrumah University of Science and Technology, the Komfo-Anokye Teaching Hospital (KATH; Ghana). Face-to-face and online surveys were administered to a statistically random cross-section of 120 residents and fellows from a known pool of 180 trainees in specialties with an emphasis on cancer pain management training: anesthesiology, oncology (surgical, medical, and radiation), and physical medicine and rehabilitation. Participation was voluntary, and all 120 surveys were completed anonymously from July 1, 2015, to November 30, 2015.
Questionnaires
Surveys were developed based on prior questionnaires published in the literature evaluating physician attitudes, beliefs, and barriers related to cancer pain management. The following domains were assessed: 1. Experiences and attitudes, 2. Barriers to cancer pain management, and 3. Interference of barriers with clinical practice. Responses to questions about barriers were graded on a 4-point Likert scale: 1 ¼ Strongly disagree, 2 ¼ Disagree, 3 ¼ Agree, and 4 ¼ Strongly Agree.
Responses to questions about interference were graded on a 4-point Likert scale:
Data Analysis
Responses to survey questionnaires were stratified into two groups, HICs (for the academic centers in the United States) vs LMICs (for academic centers in Ghana) for comparative analysis. Descriptive statistics were calculated: normally distributed data were presented as mean 6 standard deviation (SD) and were compared with the Student's t-test; non-normally distributed data were presented as median (interquartile range, IQR) and were compared with the Wilcoxon-rank sum test for unpaired data. The frequency distribution of responses was tested via chi-square (@ 2 ) analysis and Fisher's exact test. Frequencies for interference of barriers with practice were categorized as none, moderate, and severe. Correlations among physician experience, attitudes, beliefs, and barriers to cancer pain management were analyzed by Spearman rank correlation coefficient. All analyses were conducted via SAS software, version 9.3V R (Cary, NC), using a two-sided hypothesis test with probability of type 1 error set at 0.05.
Results

Demographics
Responses from 120 physicians caring for patients with cancer-related pain were analyzed. The respondents' demographic profile is outlined in [29] [30] [31] [32] [33] . The majority of physicians were residents (79.2%) with at least 3 years of training (68.3%). The majority of physicians surveyed were in the field of anesthesiology (45.8%), followed by physical medicine and rehabilitation (29.2%) and medical-surgical oncology (25%). Cohorts varied in the sense that there were no physiatry trainees in the LMIC group.
Physician Experience
A significant difference was noted in the years of experience treating both patients with chronic noncancer pain and those with chronic cancer pain. Physicians in the low-middle-income group (LMIC) were more likely to have less than 1 year of experience managing patients with chronic cancer pain than their counterparts in the high-income group, HIC (60.7% vs 54.2%, P < 0.05). However, they tended to have more experience (4 to 6 years) managing patients with chronic noncancer pain (41% vs 15.2%, P < 0.05). There was no difference between the two groups in terms of time spent with patients weekly (Table 2 ).
Screening and Assessment of Pain
Physicians in HICs were more likely than their LMIC colleagues to discuss pain management routinely with their patients (51% vs 24.6%, P < 0.05). In addition, they were also more likely to use quantitative pain scales on a daily basis (52.5 vs 45.9%, P < 0.05) than on a weekly frequency (42.4% for HICs vs 44.3% LMICs, P < 0.05), Table 2 .
Patient Population
Trainee physicians in HICs (93%) reported that a majority of their patient population had chronic noncancer pain, whereas trainee physicians in LMICs (44.3%) reported that a majority of their patient population had chronic cancer pain ( Table 2 ).
Physician Attitudes
Physicians in HICs were more likely than their colleagues in LMICs to think that most of their cancer patients would benefit from cancer pain management (91.5% vs 60.7%, P < 0.05). In addition, they were more likely than their LMIC peers to ascribe an oncologist or a pain expert as the primary person responsible for cancer pain management (67.8% vs 41%), Table 2 . The majority of LMIC trainee physicians compared with their HIC peers felt that patients poorly characterized their pain (77% vs 40.6%), but only a few perceived patients as either understating or failing to mention pain (14.8% vs 51%).
Barriers to Cancer Pain Management
Based on the mean agreement score ratings, physicians in HICs and LMICs were mostly split in their views of barriers to cancer pain management ( Figure  1 ). On average, although trainees in LMIC agreed that poor patient health literacy was a major barrier (3.49 6 0.57), their HIC peers seemed to disagree (2.83 6 0.54, P < 0.0001).Trainees in low-income settings compared with their HIC colleagues rated limited diagnostic tools and resources (2.95 6 1.01 vs 2.38 6 0.67, P ¼ 0.02) and financial and legal costs of analgesics (3.0 6 0.70 vs 2.27 6 0.64, P < 0.0001) as major barriers. In contrast, HIC trainees agreed that poor provider knowledge of cancer pain was a major barrier (3.05 6 0.68), but LMIC physicians disagreed (2.67 6 0.72), P ¼ 0.004.
Both groups of physicians (LMIC vs HIC) agreed that the following were barriers to cancer pain management: poor assessment of pain generators and choice of analgesics (3.13 6 0.46 vs 3.23 6 0.59, P ¼ 0.28), concerns about drug-seeking behaviors (3.46 6 0.79 vs 3.12 6 0.70, P ¼ 0.015) and concerns about medication side effects (3.21 6 0.66 vs 3.13 6 0.57, P ¼ 0.49; Figure 1 ). Although both groups disagreed that patient reluctance to take prescribed opioids was a barrier, LMIC physicians on average disagreed more strongly than their HIC peers (1.88 6 0.37 vs 2.51 6 0.75, P < 0.0001). (Figure 2 ). The results show that more HIC than LMIC physicians agreed that physician reluctance to prescribe opioids (76.3% vs 67.2%, P ¼ 0.002) and patient dependence on opioids and risk of abuse (50.8% vs 47.5%, P ¼ 0.02) were major barriers to cancer pain management ( Figure 2 ). In contrast, more LMIC than HIC physicians agreed that cultural values and beliefs were a barrier (84% vs 81%, P ¼ 0.75). 
Degree of Interference of Barriers with Physician Cancer Pain Management
On average, poor patient health literacy (3.52 6 0.79 vs 2.18 6 0.86) and cultural values/beliefs about pain interfered more significantly with LMIC physicians' ability to manage cancer pain than they did with that of HIC physicians (2.88 6 1.14 vs 2.13 6 0.82, P < 0.05; Table 3 ). Organized by percentage of severity of interference, cultural values/beliefs about pain (84% vs 76%) and level of training and expertise (87% vs 78%) were significantly more prohibitive for physicians in LMICs than those in HICs (P < 0.05; Figure 3 ). More physicians in HICs than in LMICs thought their lack of knowledge in cancer pain management was moderately to severely prohibitive (69% vs 47.5%, P ¼ 0.06; Figure 3 ). Fewer HIC physicians than their LMIC peers considered limited diagnostic tools and resources to moderately to severely interfere with their ability to manage cancer pain (47.5% vs 57.4%, P ¼ 0.51).
Conversely, a majority of physicians in LMICs thought poor patient health literacy was either severely (70.5%) or moderately (29.5%) prohibitive. While most HIC physicians thought interference of poor health literacy with cancer pain management was moderate (71.2%), very few considered it severely prohibitive (10.2%).
Financial and legal costs of analgesics were not as inhibitive for HIC physicians (61%) as for LMIC providers (85.3%, P < 0.05; Figure 3 ).
Correlations Among Physician Experience, Attitudes, Beliefs, and Barriers to Cancer Pain Management
All examined correlations appeared to be weak (Spearman r < 0.30), albeit statistically significant (P < 0.05; Table 4 Cultural values and perceptions about cancer pain correlated positively with physicians' perception that patients were reluctant to take opioids (r ¼ 0.18, P ¼ 0.04) and with physicians' concern about medication side Barriers to Cancer Pain Management effects (r ¼ 0.27, P ¼ 0.003). Trainees who were concerned about medication side effects were likely to be concerned about patients' addiction behaviors as potential barriers to pain management (r ¼ 0.19, P ¼ 0.04).
All physicians who had a negative perception of patients' health literacy were likely to perceive patients as reluctant to take opioids (r ¼ -0.32, P ¼ 0.001; Table 4 ).
Discussion
This study adds important perspectives to the literature by addressing two goals: 1) A comparative analysis of differences in physician experiences, attitudes, barriers, and level of barrier interference with cancer pain management in an economically advantaged vs a lowerresource health environment. 2) An evaluation of the relationships among the factors influencing cancer pain management in a low-vs high-income setting. With regards to these objectives, the study had several important findings.
First, compared with their peers in high-income settings, physicians in low-middle-income settings: 1) had more exposure to chronic pain management but reported less competence in cancer pain management despite having more cancer patients with advanced disease, 2) did not routinely discuss pain management with patients or use quantitative pain scales on a frequent basis, 3) were less inclined to think that patients benefited from cancer pain management and less likely to consult another physician for cancer pain management, and 4) felt that patients poorly characterized their pain. These differences could be attributed to a dearth of pain and oncology specialists, with a consequent overburden on fellows and residents, who often serve as the primary providers in low-resource settings [21] . The paucity of specialists also means lack of adequate training for fellows and residents to meet the demand of a high volume of patients, who may present with significant pain due to advanced metastatic disease [22, 23, 1] . The lower number of chronic cancer pain patients in the LMIC cohort is also likely affected by the health system having less sophisticated oncology care compared with the HIC cohort; thus, patients potentially have a shorter life expectancy and/or lower cure rate.
One plausible solution for this problem would be to increase the level of providers with specialized training in pain management. Our results suggest a positive correlation between increased specialization and perceived competency in cancer pain management, but this must be considered in view of the fact that several other factors may influence perceived competency among trainees. Moreover, given the intensive time and resource investment required with this approach, it may be more practical to integrate pain management into the education curricula for all levels of medical training, with special emphasis in residency and fellowship. Enhancing competency in pain management of the primary care physician workforce during residency and fellowship training is an achievable solution in the short term [24] [25] .
Second, limited diagnostic tools, high financial and legal costs of analgesics, and poor patient health literacy were identified as major barriers to cancer pain management in LMICs. Multiple recent studies indicate that these barriers are compounded by poor community engagement; lack of access to opioid analgesics, palliative care, or comprehensive integrated health service systems; and poor infrastructure [6] [7] [8] . These problems, however, are not unique to LMICs, and are prevalent in underserved populations within HICs as well [26, 27] . For LMICs, it has been suggested that the identified barriers 
Scores between 2 and 3 reflect mild to moderate interference on average, whereas those 3 reflect moderate to severe interference. *P < 0.05 reflects statistical significance. present opportunities to leapfrog the problems by learning from advanced countries rather than developing new strategies de novo [28, 8] . Physicians in HICs should collaborate with their colleagues in LMICs to develop cost-effective measures to address these issues.
Third, physicians in HICs identified inadequate knowledge of cancer pain, assessment of pain etiology, concerns about opioid dependence and drug-seeking behaviors, as well as physicians' reluctance to prescribe opioids, as the major barriers. This corroborates recent reports, which highlight gaps in medical training as a key factor for suboptimal cancer pain management [28] [29] [30] [31] . Integrated and interprofessional training curricula with a focus on continuous quality and process improvement have been proposed as potential ways to address the deficits in cancer pain management training [29] [30] . Providing residents and fellows with individualized feedback would increase self-awareness of competency gaps and may encourage targeted selfimprovement [24, 31] . It is plausible that electives for HIC residents and fellows to manage patients with chronic and cancer-related pain in lower resource settings would allow for experiential immersion and educational improvement in critical performance indicators [32] [33] [34] [35] . Conversely, visiting electives in HICs for LMIC residents and fellows could potentially have a profound impact on clinically important indicators in low-resource countries and may help forge stronger transcontinental health collaborations.
Although prior research has identified cultural values, health literacy, education, and training as barriers to cancer pain management, few have examined the degree to which these barriers interfere with physicians' daily practice [36] [37] [38] [39] [40] . In comparing trainee physicians in low-vs high-resource settings, this study provides insight regarding which barriers might be prioritized for each setting. For physicians in HICs, knowledge and expertise appear to the focal targets that need to be improved. For LMICs, the interplay of resource availability, cultural perceptions of pain, and diagnosis/treatment of pain should be addressed in order to improve cancer pain management. Together with prior studies, which underscore a prohibitive influence of cultural barriers in pain management, our findings highlight a plausible role for cultural competency training in LMICs as a way to address this aspect of cancer pain management [41, 36] The correlation of cultural values with several barriers to cancer pain management underscores its significance in any global undertakings to improve cancer-related pain [19] .
The correlation of physicians' negative perception of patients' health literacy with perceived reluctance of patients to take opioids raises the question of whether physicians may have been less likely to provide opioid analgesics or discuss pain care with patients whom they perceived as having less medical literacy. Prior reports indicate that physician biases influence their interactions with patients and often lead to major disparities in care, and that [42, 43] "opioid-phobia" among physicians leads to unnecessary patient suffering [44] . Our study shows that trainee physicians in LMICs were less inclined to think that patients benefited from cancer pain management, and, as the primary physicians managing all aspects of care in an environment with a dearth of specialists, trainees did not consult a specialist for cancer pain management. Taken together, this article's findings may point to an under-recognized aspect of physician perceptions and biases in cancer pain management, which requires further exploration.
The interpretation of findings from this study must take into consideration its potential limitations. The survey focused on trainee physicians training at major academic medical centers, hence the findings may not generalize to licensed physicians who have completed their training. Physicians' knowledge and perception of the role of alternative and complementary therapies such as yoga, herbal medicines, and music therapy, which have been reported elsewhere as pain management strategies, were not explored [45, 46] . Furthermore, the disparity between training program specialties, specifically that there are no physiatry and scant pain specialty training programs in west Africa [47, 48] and that oncology specialists in Ghana necessarily play an increased role in cancer pain management, limits comparison of the two cohorts. Nonetheless, the identification of distinct barriers and relative priority areas for cancer pain management education and interventions in two very different health environments could prove helpful for clinicians and researchers seeking to address the global problem of inadequate treatment of cancer-related pain.
Conclusion
The rise in cancer and cancer-related comorbidities necessitates that oncologists and pain specialists understand the factors underlying the undertreatment of cancer pain and global differences in cancer pain management strategies. Differential and common challenges in both economically advantaged and underserved regions of the world will benefit from collaborative efforts to design context-relevant solutions. Through comparative analysis of the health milieu in two countries, this article identifies several potential targets, which may be prioritized to improve the quality of care and outcomes for patients with cancer-related pain. An integration of the study findings and proposals into cancer-pain management training programs could help us better understand the mosaic of pain barriers and produce an inductive effect on training future pain specialists.
